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Abstract
The Japanese government has started a large-scale CCS demonstration project at the Tomakomai Area in Hokkaido
for the period JFY 2012-2020. From JFY 2016 to 2018, 100,000 tonnes/year or more CO2 derive from an industrial 
source is scheduled to be injected and stored in two separate reservoirs (saline aquifers) approximately 1100m and
2400m depths respectively, below the seabed in offshore the Tomakomai Port. A series of monitoring consisting of 
time-lapse 2D and 3D seismic surveys, temperature and pressure measurements of the reservoirs, micro-seismicity
and natural earthquake observations in and around the reservoirs is planned before, during and after the CO2 injection
until JFY 2020 along with the marine environmental surveys. 
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1. Introduction
Since its foundation in May 2008, Japan CCS Co., Ltd. (JCCS) has been actively conducting
comprehensive investigations for the operability of large-scale CCS demonstration projects in Japan, on
behalf of the Ministry of Economy, Trade and Industry (METI).
In the Tomakomai area, before the start of the investigation works by JCCS, there already was a large 
body of geological and geophysical data amassed from the past oil and gas explorations composed of core
analyses, loggings, 2D seismic surveys and so on, and therefore only limited on-site investigation works 
are required to evaluate the regional suitability for CO2 geological storage. JCCS conducted two times 3D 
seismic surveys at the offshore area of the Tomakomai port in JFY 2009 and 2010, and drilling of two
survey wells with loggings and related tests from JFY 2010 to 2011 along with conceptual design works
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of the CCS demonstration project at the Tomakomai area studying CO2 sources, capture processes and
transportation methods, etc.. In October 2011, JCCS wrapped up the investigations and concluded that the
Tomakomai area is one of the best suitable candidate sites for large-scale CCS demonstration project from 
the stand points of geological conditions and the existence of CO2 emission sources, and submitted a pair
of reports to METI ; Geological evaluation report of the Tomakomai area , and Basic Plan of CCS
demonstration project at the Tomakomai area .
The evaluation Committee for these reports was held by METI, and officially concluded that the
geological conditions of the Tomakomai area are suitable for storage of CO2 and the basic plan made by 
JCCS is essentially appropriate for demonstration. In February 2012, based on these evaluation results
METI decided to implement a large scale demonstration project at the Tomakomai area, and called for the
public application to carry out the engineering, procurement, and construction (EPC) works of four-year
period JFY 2012-2015 as the first half of the project. In April 2012, after the process of official 
examining, METI commissioned the EPC works for the Tomakomai CCS Demonstration Project to
JCCS.
2. Description of the project
2.1. Overview of Facilities
The CO2 emission source of the demonstration project is a HPU (hydrogen production unit) of an
existing oil refinery situated in the coastal area of the Tomakomai port. The HPU supplies PSA (Pressure 
Swing Adsorption) off gas of 60% flow rate to the neighboring CO2 capture facility by a pipeline of 2.5
km long. At the capture facility, gaseous CO2 is captured by amine scrubbing process at the rate of 
100,000 tonnes/year or more from the PSA off gas and is sent to the injection facility just next to the 
capture facility. At the injection facility, the gaseous CO2 is compressed and injected into two different
offshore reservoirs by two deviated injection wells. Figure 1 illustrates the overview of the facilities.
Fig. 1. Overview of the facilities of the Tomakomai CCS demonstration project
2.2. CO2 source and onshore facilities
At the HPU in the petroleum refinery in operation, highly-pure hydrogen for hydro-treating is
produced by PSA method from the material gas made by naphtha, etc. through desulfurization and shift 
reaction. The remaining gas after the hydrogen production, which is called PSA off gas and
containing H2, CH4 and large amount of CO2 (more than 50%), is currently reused as fuel of the reformer 
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furnace for shift reaction. In the demonstration project, the PSA off gas of 60% flow rate from the 
existing HPU is planned to be extracted and be blown to the neighboring CO2 capture facility through a 
pipeline of 2.5km long.  
At the capture facility, gaseous CO2 of 99% purity is scrubbed by amine process at the rate of 100,000 
tonnes/year or more from the PSA off gas. After a careful comparative review on various kinds of energy 
saving processes, a combination of an activated amine process and a flow scheme with LPFD (Low 
Pressure Flash Drum) was selected for capturing CO2, where the total energy consumption of the heat for 
amine regeneration and electricity for amine circulation pumps is aimed to be less than 2.5 GJ/tonnes-
CO2. The remaining gas after CO2 capture also contains H2, CH4 and CO is to be utilized as fuel of a low 
pressure boiler for amine reclamation and a high pressure boiler of a steam turbine for power generation 
in the capture facility. 
At the injection facility, the gaseous CO2 is injected into two different offshore reservoirs by the 
deviated injection wells after two stage compression attuned to the individual reservoir conditions. 
Allocation of the injection rate of CO2 into the each reservoir at the period of the injection depends on the 
operation of the petroleum refinery at that time and also the reservoir conditions which are supposed to be 
conclusively revealed after the drilling of the injection wells in JFY 2014 targeting the pair of reservoirs. 
 
 
Fig. 2. CO2 flow from the capture facility to the injection facility 
2.3. Reservoirs and injection wells 
In addition to the existing geological and geophysical data amassed from the past oil and gas 
explorations by a private company, newly acquired data from 3D seismic surveys covering the offshore 
area (3.8km×4.1km in JFY 2009 and 5.9km 7.6km in JFY 2010) of the Tomakomai port, one deviated 
survey well (drill depth 3,700m, vertical depth 3,046m, horizontal reach 1,757m) and one vertical survey 
well (drill depth 1,218m) accompanying loggings, down-hole water injection tests, and various kinds of 
laboratory tests using sampled cores from JFY 2009 to 2011 were used for the geological evaluations for 
reservoirs and cap rocks.  
One of the proposed reservoirs is the T1 Member of the Takinoue Formation of about 2,400 to 3,000 m 
deep below the seabed which is a Miocene saline aquifer composed of volcanic and volcaniclastic rocks 
of about 600m thick with estimated porosity and permeability of 3 to 19% and 0.01md to 2.6D, 
respectively. The Takinoue Formation is covered by about 1,100m thick Miocene mudstone layers 
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(Fureoi Formation, Biratori-Karumai Formation and Nina Formation) as cap rocks as illustrated in Figure 
3, and has an anticlinal structure with a NNW-SSE trending axis in a wider range. The planned injection 
point for the Takinoue Formation penetrates the north-eastern wing of the anticline.  
The other proposed reservoir is a sandstone layer of the Moebetsu Formation of about 1,100 to 1,200 
m deep below the seabed which is a Lower Quarternary saline aquifer of 100m thick with estimated 
porosity and permeability of 20 to 40% and 9 to 25md, respectively, and is covered by an about 200m 
thick mudstone layer of the Moebetsu Formation as a cap rock as illustrated in Figure 3. The Moebestu 
Formation has a gentle monocline structure with a NE dip of 1 to 3 degrees at the planned injection point. 
 
 
Fig. 3. Schematic geological cross section of the Tomakomai demonstration site 
Two highly deviated injection wells are planned to be drilled from the onshore injection facility site 
targeting the most appropriate points of the each reservoir as shown in Figure 3 and 4. The injection well 
for the Takinoue Formation is a well of maximum inclination 70 degrees with planned drill depth 5,570m, 
vertical depth 2,789m and horizontal reach 4,103m. The injection well for the Moebetsu Formation is an 
enhanced reach drilling (ERD) well of maximum inclination 85 degrees with planned drill depth 3,532m, 
vertical depth 1168m and horizontal reach 2910m. 
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Fig.4. Profile of the injection well for Takinoue Formation (left) and Moebetsu Formation (right)
2.4. Monitoring
In order to confirm that the injection and storage of CO2 are executed safely and stably, it is necessary
to comprehend the behavior of CO2 in the reservoirs and to detect the leakage of CO2 out of the reservoirs
just in case it happens, and also it is indispensable especially in Japan to verify the disrelation between 
CO2 storage and seismicity. Table 1 shows the proposed monitoring items and Figure 5 illustrates the
layout of the monitoring facilities of the demonstration project.
At the pair of the injection wells, temperature and pressure of the reservoirs are due to be monitored 
continuously. In three observation wells, temperature and pressure gauges along with down-hole
seismometers are to be installed. Two of the observation wells are newly drilled ones and the other is
converted one from an existing survey well which was drilled during the investigation period. An Ocean
bottom cable (OBC) of totally 3.6 km long with 72 seismometers passing directly above the planned
injection points of the reservoirs, four independent ocean bottom seismometers (OBSs) surrounding the 
injection points and one onshore seismometer are planned to be laid out. Using these seismometers,
continuous observation of micro-seismicity and natural earthquakes are scheduled to be conducted before
the CO2 injection for one year as the baseline at JFY 2015, during the CO2 injection of three years from 
JFY 2016 to 2018 and after the CO2 injection of two years from JFY 2019 to 2020.
Time lapse 3D seismic survey covering the offshore area (3.8km×4.1km) which is just the same area
of the 3D survey in 2009 and 2D seismic surveys utilizing the OBC to fill the time intervals of the 3D
seismic surveys are planned to be implemented. Three times 2D seismic surveys including the baseline
survey and two times 3D seismic surveys are scheduled until the project end of JFY 2020.
Besides monitoring works mentioned above, a suite of marine environmental surveys as to the
chemical, physical and biological aspects according to Act on Prevention of Marine Pollution and 
Maritime Disasters are also proposed. 
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Table 1. Planned monitoring items
Fig. 5. The layout of the monitoring facilities
2.5. Legal aspects and others
In Japan, geological storage of CO2 below
2 storage
below the seabed in JFY 2007 in reply to the amendment of London Protocol. For design, construction 
and operation of the onshore facilities for capture and injection of CO2
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Items Observed objects Observation 
frequency
Remarks
Injection well Downhole : Temperature and Pressure
Wellhead : Pressure,  Injection rate of CO2
Continuous One injection well for Takinoue Formation
One injection well for Moebetsu Formation
Observation well Downhole : Temperature and Pressure,
micro-seismicity and natural earthquakes
Continuous One observation well converted from an survey well
One observation well for Takinoue Formation
One observation well for Moebetsu Formation
OBC : Ocean Bottom
Cable
Micro-seismicity and natural earthquakes
Signal of 2D seismic survey
Continuous OBC line passes directly above the injection points of reservoirs.
OBS : Ocean Bottom 
seismometer
Micro-seismicity and natural earthquakes Continuous Above the injection point of Takinoue Formation : One unit
Surrounding area of injection points of two reservoirs : 3 units
Onshore 
seismometer
Micro-seismicity and natural earthquakes Continuous West region of Tamakomai city
2D seismic survey Distribution of CO2 Periodic Utilizing OBC as seismic sensors
3D seismic survey Distribution of CO2 Periodic A Baseline survey was completed  during the investigation period.
Marine environmental
monitoring
Chemical, physical and  biological data Periodic Monitoring plan is to be drawn up after the baseline survey and 
marine environmental impact assessment.
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lated to drilling for CO2 injection 
well and CO2
Besides the legislative response above, for the sake of ensuring the work safety and preventing adverse
environmental impacts, the CCS demonstration project
overseas standards, guidelines, manuals and technical trends, the internal technical regulations of JCCS
CO2 CO2
Time schedule 
The EPC works of the ground facilities for the CO2 source, capture and injection have started in the
third quarter of JFY 2012 and the main site construction works of two years are scheduled to be initiated 
at the first quarter of JFY 2014 targeting the commissioning of the facilities at the end of JFY 2015. The
drilling works of two observation wells along with retrofitting of an existing survey well are planned to
start from the final quarter of JFY 2012 and to be completed at the beginning of JFY 2014, being 
followed by the drilling works of two injection wells which are due to be completed in the final quarter of 
JFY 2014. The installation of an onshore seismometer, an OBC and four independent OBSs is to be 
implemented from JFY 2013 to 2014.
The baseline data acquisition of temperature, pressure of the reservoirs and seismicity monitoring 
starts at the end of JFY 2014 and is planned to be continued through the operation period of CO2 capture
and injection to the end of JFY 2020.The baseline survey of 2D seismic is scheduled at the second quarter 
of JFY 2013. The seasonal baseline survey for the marine environment is to be conducted from the final
quarter of JFY 2012 to the third quarter of JFY 2013. The detailed operation and monitoring schedule
after JFY 2016 to 2020 is to be discussed and determined during the period of EPC.
Fig. 6. The time schedule of the EPC period of the Tomakomai CCS demonstration project
6578   Daiji Tanase et al. /  Energy Procedia  37 ( 2013 )  6571 – 6578 
3. Summary 
At the Tomakomai area, in addition to the re-evaluation of the existing geological and geophysical data 
amassed from the past oil and gas explorations, JCCS conducted two times 3D seismic surveys and 
drilling of two survey wells from JFY 2009 to 2011 along with conceptual design works of the CCS 
demonstration project, and evaluated the operability of the demonstration project. Based on the results of 
those investigations, METI decided to implement of a large scale demonstration project at the 
Tomakomai area which scheduled from JFY 2012 to 2020 and commissioned JCCS to carry out the EPC 
works of four-year period JFY 2012-2015. 
As the CO2 emission source of the demonstration project, a HPU of an existing petroleum refinery 
situated at the coastal area of the Tokamomai port supplies PSA off gas to the neighboring CO2 capture 
facility through a pipeline of 2.5km long. At the capture facility, highly pure gaseous CO2 is captured by 
amine scrubbing process at the rate of 100,000 tonnes/year or more from the PSA off gas and is sent to 
the adjacent injection facility. At the injection facility, the gaseous CO2 is compressed and injected by 
highly deviated injection wells into two different offshore reservoirs, namely the T1 Member of the 
Takinoue Formation of 2,400 to 3,000 m deep composed of volcanic and volcaniclastic rocks and a 1,100 
to 1,200 m deep sandstone layer of the Moebetsu Formation. 
A series of monitoring consisting of time-lapse 2D and 3D seismic surveys, temperature and pressure 
measurements of the reservoirs by two injection wells and three observation wells, and micro-seismicity 
and natural earthquake observations by down-hole seismometers in observation wells, an onshore 
seismometer, an OBC and four OBSs is scheduled before, during and after the CO2 injection in step with 
the marine environmental surveys. 
In the four-year EPC period JFY 2012-2015, all the construction works for the CO2 source, capture 
and injection facilities, drilling of two injection wells and two observation wells along with retrofitting of 
an existing survey well and installation of an onshore seismometer, an OBC and four OBSs are scheduled 
to be completed. The operation of the facilities and CO2 injection are scheduled from JFY 2016 to 2018. 
The baseline data acquisition of all the monitoring works is to be conducted in the EPC period and the 
monitoring is planned to be continued to until JFY 2020 including the post CO2 injection monitoring. 
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